This study examined the relation between occupation and cardiovascular disease (CVD) risk factors in 2,795 individuals between ages 35 and 54 years from the rapidly developing island nation of Mauritius. Participants attended a 1992 population-based survey of noncommunicable disease (89.1 % response rate). Occupational status, physical activity in the previous year, cigarette smoking, and alcohol consumption were assessed by questionnaire. Anthropometric and metabolic measures included body mass index (kg/m 2 ),waist-to-hip ratio, fasting serum high density lipoprotein cholesterol and low density lipoprotein cholesterol (LDL cholesterol), triglycerides, 2-hour postload plasma glucose and serum insulin concentrations, and blood pressure. In comparison with professional/skilled workers, age-adjusted means of insulin and glucose, LDL cholesterol, triglycerides, and systolic and diastolic blood pressures were significantly (p < 0.05) lower, and the ageadjusted mean for high density lipoprotein cholesterol was significantly higher for unskilled men. In women, risk factors other than LDL cholesterol varied significantly (p < 0.05) across occupational categories, with homemakers tending to have the least favorable profile. Unskilled workers reported significantly more physical activity (p < 0.01), alcohol consumption, and cigarette smoking (men only) (p < 0.05) than did the other groups. Adjustment for multiple covariates revealed an independent association between occupational status and most CVD risk factors, with physical activity attenuating this association. These results elucidate mediating behaviors of CVD risk across occupational categories that could be applied to intervention strategies in
sure to the detrimental aspects of modernization, including sedentary lifestyle, obesity, and cigarette smoking in individuals of the lower social class in developed societies and the upper social class in developing societies.
In addition to education and income, occupational status has been used as a social class marker in epidemiologic studies of cardiovascular disease. Studies have established a consistent relation between occupational status and CVD or CVD risk factors across various populations (2, 3, 8, 9, (14) (15) (16) (17) .
A 1987 population-based study of the rapidly developing island nation of Mauritius documented high rates of coronary heart disease as indicated by electrocardiography (18) , in agreement with data demonstrating that Mauritius has among the world's highest mortality rates from coronary heart disease (19) and stroke (20) . Given the high public health burden of CVD in Mauritius and the fact that, to our knowledge, there has been no prior investigation of the relation between occupation and CVD risk in this country, the aim of this study was to examine the association between occupational status and CVD risk factors in middle-aged participants in the 1992 Mauritius Noncommunicable Disease Survey. A secondary objective was to investigate modifiable characteristics and behavioral factors, such as obesity, physical activity, and cigarette smoking, as potential mediators of the association between occupational status and CVD risk factors.
MATERIALS AND METHODS

Study population
The island nation of Mauritius is a rapidly developing country located east of Madagascar in the southwest Indian Ocean. Its multiethnic population of just over one million persons includes Hindu and Muslim Indians, Creoles, and a small Chinese settlement. Population-based studies of risk factors for CVD were conducted in 1987 (21) (22) and 1992 (23) as part of a national prevention and control program. All individuals between ages 25 and 74 years who were resident in one of 11 population clusters chosen for the 1987 survey (21) , as well as an age-stratified (35-64 years) sample of individuals from three new clusters selected for location and predominant ethnicity, were eligible for the 1992 survey (23) . Of the 11 original population clusters, 10 were randomly chosen, and one (Chinatown) was deliberately selected to increase the number of Chinese individuals in the sample.
The overall response rate in 1992 was 89.1 percent, resulting in a sample size of 6,616 adults between ages 25 and 74 years. For these analyses, we restricted the sample to those individuals who were administered the detailed physical activity questionnaire, which included nonpregnant individuals between ages 35 and 54 years without known diabetes. We also excluded unemployed individuals and those with newly diagnosed diabetes, heart disease, or stroke, resulting in a final sample size of 2,795. Hindu Indians comprised 47 percent of the study sample, followed by Creoles (26 percent), Muslim Indians (20 percent), and Chinese (7 percent). This ethnic distribution was similar to that of the entire study population and, with the exception of oversampling the Chinese, that of the country. All survey methods in 1992 were standardized to those of the 1987 survey (21) (22) (23) .
Questionnaires
Occupational status was coded according to the system of the British Office of Population Censuses and Surveys. Categories of "unemployed/pensioner" and "housewife" (referred to in this paper as "homemaker") were added for the Mauritius Survey, thereby deriving the following groups: 1) professional/managerial (e.g., doctors, businessmen), 2) technical/clerical (e.g., nurses, teachers), 3) skilled worker/artisan (e.g., clerks, electricians), 4) partly skilled (e.g., shop assistants, textile factory workers), 5) unskilled (e.g., construction workers, sugar cane cutters), 6) unemployed/pensioner, and 7) homemaker. Based on the frequency distributions for these categories in the current sample as well as on patterns in behavioral characteristics and educational attainment, the first three categories were collapsed into one, i.e., professional/skilled = professional/managerial, technical/clerical, and skilled worker/artisan. Unemployed/ pensioners (16 men and 81 women) were excluded from all analyses. Thus, three categories remained for men (professional/skilled, partly skilled, and unskilled) and four categories for women (professional/skilled, partly skilled, unskilled, and homemaker). Education level was originally coded as 1) none/1-3 years, 2) 4-6 years, 3) 7-9 years, 4) 10-12 years, and 5) post-high school. The fourth and fifth categories were combined for the women because there were only 22 women who reported more than a high school education.
For cigarette smoking, the following classifications were used: 1) never, 2) ex-smoker, 3) less than 10 cigarettes per day, 4) 10-20 cigarettes per day, 5) more than 20 cigarettes per day. Daily alcohol consumption was categorized as 1) never in life or former drinker, 2) equal to or less than 2 units per day, 3) 3 or more units per day, where a unit is the equivalent of one standard drink. Since few women reported any alcohol consumption, this variable was dichotomized (never in life vs. any) for women.
The Modifiable Activity Questionnaire (MAQ) was used to assess leisure and occupational physical activity levels above activities of daily living in the previous year (24) (25) (26) . This questionnaire was originally developed for an epidemiologic study of non-insulindependent diabetes mellitus in the Pima Indians of Arizona (26) and was modified for use in the current survey on the basis of popular leisure and occupational activities in Mauritius (25) . A test-retest correlation of 0.89 for total physical activity over an interval of 1-3 weeks has been reported for the MAQ (26) . The validity of the MAQ has also been demonstrated with objective measures of physical activity, including doubly-labeled water (27) and the Caltrac activity monitor (26) .
The MAQ was administered by trained interviewers who spoke Creole, the national language of Mauritius, and had assisted in pilot testing. For the leisure section of the questionnaire, individuals were presented a list of common local activities and asked to report the activities in which they had participated during the previous 12 months. Walking for exercise was distin-guished from walking to the store or church. Individuals were then asked to estimate the frequency and duration of each activity identified.
For occupational activity, individuals were asked to list all jobs held during the previous 12 months. For each job entry, data were collected for minutes per day walking or cycling to work, as well as the average job schedule (months per year, days per week, and hours per day worked). Activity on the job was determined by the number of hours spent sitting at work and the most common physical activities performed when not sitting.
Estimates for leisure and occupational activity were calculated as hours per week averaged over the previous year, and total physical activity was calculated by summing the leisure and occupational estimates. Each activity was also weighted by its relative metabolic cost, referred to as a metabolic equivalent (MET) (26) , thereby deriving MET-hours/week as the final unit of expression. This method of physical activity assessment assumes that energy expended in activities of daily living (e.g., bathing, feeding, etc.) is equivalent among independently living individuals. Therefore, individuals with occupations requiring only light activity who reported no leisure-time physical activities would have an estimate of 0.0 MET-hours/week.
Oral glucose tolerance test
Subjects were asked to fast overnight prior to the morning of the survey. A 75-g oral glucose (dextrose monohydrate) tolerance test was administered as described previously (21) . Fasting and 2-hour postload plasma glucose concentrations were determined onsite with a YSI glucose analyzer (Yellow Springs Instrument Co., Yellow Springs, Ohio) using a glucose oxidase method. World Health Organization criteria for 2-hour postload plasma glucose concentration (World Health Organization, 1985) was used to identify diabetics (^11.1 mmol/liter). Serum fasting and 2-hour postload insulin concentrations were analyzed in Newcastle upon Tyne, England, using a modified method of Soeldner and Slone (28) .
Lipid measures
Fasting serum total cholesterol, high density lipoprotein cholesterol (HDL cholesterol), and triglycerides were measured using a CPA LS analyzer (Coultronics, Margency, France) at the Central Laboratory in Mauritius. For quality assurance, every tenth sample was also analyzed in Newcastle upon Tyne, England. Triglyceride values were consistently overestimated across the distribution and were adjusted downward by using a calculated regression equation. Low density lipoprotein cholesterol (LDL cholesterol) was calculated for individuals with triglycerides below 4.5 mmol/liter by using the formula: LDL cholesterol = total cholesterol -HDL cholesterol -(triglycerides/2.19).
Blood pressure
Blood pressure was measured twice using a standard mercury sphygmomanometer with a cuff bladder size of 40-42 X 12-14 cm. Participants were seated and rested for at least 5 minutes prior to blood pressure measurement. Diastolic pressure was defined as the fifth phase of Korotkoff sounds. The interval between the two measurements was at least 1 minute, and the measurements were recorded to the closest 2 mmHg. The mean of the two measurements was used.
Anthropometric measures
Height was measured without shoes to the nearest centimeter. Weight was measured to the nearest 0.1 kg with light clothing and without shoes. Body mass index (BMI) was calculated by dividing mass (kg) by height squared (m 2 ). Waist and hip circumferences were measured to the nearest 0.5 cm with a measuring tape while the individual was standing relaxed and wearing one layer of light clothing. The waist measurement was taken at the midpoint between the iliac crest and the lower margin of the ribs, while the hip circumference was taken around the maximum circumference of the buttocks posteriorly and the symphysis pubis anteriorly. A third measurement was taken if the first two were not within 2 cm of one another. The mean of the closest two measurements was used to calculate waist-to-hip ratio (WHR) as the mean waist circumference divided by the mean hip circumference.
Statistical methods
SAS (SAS Institute, Inc., Cary, North Carolina) software was used for all data analyses (29) . The chi-square test was used to analyze categorical variables across occupational categories. The KruskalWallis test was used to compare physical activity levels among the occupational groups. Analysis of covariance was used to control for covariates while analyzing continuous variables across occupational status categories. The natural logarithm of 2-hour postload glucose, insulin, and fasting triglycerides, and the square root of total physical activity were Am J Epidemiol Vol. 148, No. 2, 1998 computed to minimize the skewness of the distributions for these variables, and t tests of age-adjusted, sex-specific least squares means from the analyses of covariance were used for between-group comparison. Geometric means were computed for 2-hour postload glucose, insulin, and fasting triglycerides by exponentiating the adjusted least-squares means. The Bonferroni adjustment was used to correct the alpha level according to the number of between-group comparisons (30) . Sex-specific analysis of covariance models incorporating multiple covariates were computed with dummy variable reference groups assigned as follows: occupational status: unskilled workers; ethnicity: Hindu; alcohol consumption: never in life; cigarette smoking: nonsmokers (men only).
RESULTS
Characteristics of the study sample
Descriptive characteristics for the study sample are listed in table 1. The largest occupational group for the males was unskilled workers (41 percent), while homemakers represented 52 percent of the female sample. Forty-six percent of the men had more than 6 years of education, compared with 25 percent of the women. Fifty percent of the men were current cigarette smokers, and 67 percent of men consumed alcohol. However, only 3 percent of the women were current cigarette smokers, and 30 percent drank alcohol. Women were less active than men, with 75th percentiles for previous-year total physical activity of 8.2 and 146.9 MET-hours/week, respectively.
Mean values of body mass index, 2-hour postload glucose, and insulin concentration were higher in women, while all lipid and blood pressure values were less favorable in men.
CVD risk factors and occupational status
For examination of the relation between occupation and CVD risk factors, age-adjusted means of CVD risk factors across occupations are depicted in figure 1 for men and figure 2 for women. There was a trend across the three occupational groups in men, with the unskilled workers having the most favorable risk profiles. For triglycerides and diastolic blood pressure, unskilled men had significantly lower mean values than did professional/skilled men (/? < 0.05). Although unskilled workers had a lower mean for systolic blood pressure than did the other groups, this difference was not statistically significant (122.9, 123.3, and 122.1 mmHg for professional/skilled, partly skilled, and unskilled men, respectively; p > 0.05) (data not shown on figure). Unskilled men had significantly higher mean HDL cholesterol and lower mean 2-hour postload insulin, glucose, and LDL cholesterol than did the other groups {p < 0.05).
For women, trends across occupational categories were less consistent than for men, although there was a tendency for the unskilled workers to have a superior risk factor profile and for homemakers to have the least favorable profile (figure 2). Unskilled women had lower values for 2-hour postload glucose and insulin than did partly skilled workers and homemakers (p < 0.01), and unskilled and partly skilled women had lower values for triglycerides compared with homemakers (p < 0.01). In contrast to the men, the professional/skilled women had significantly higher HDL cholesterol levels than did all of other groups {p < 0.01). A significant association (p < 0.05) of systolic pressure and occupational status in women was also found, with homemakers having significantly higher age-adjusted values than professional/skilled workers (120.4 vs. 116.3 mmHg) (data not shown on figure).
Correlates of occupational status
Lifestyle characteristics, obesity, and fat distribution were examined as potential mediators of the relation between occupational status and CVD risk. As shown in table 2, education was strongly related to occupational status, confirming that occupation is a marker of socioeconomic status. Statistically significant (p < 0.05) associations were found between occupational status and total physical activity, BMI, WHR, and alcohol consumption in men and women. Total physical activity was markedly higher in the unskilled workers than in each of the other occupational groups {p < 0.01). As expected, most of the difference in total physical activity across occupational groups was explained by occupational physical activity.
In men, the BMI of unskilled workers was significantly lower than those of the professional/skilled and partly skilled workers (p < 0.01). In contrast, WHR for the unskilled male workers was significantly higher {p < 0.01) than that of the partly skilled workers (0.92 vs. 0.91). In women, pairwise comparisons revealed that means of WHR and BMI were significantly higher (p < 0.01) for homemakers than for the other occupational groups.
Male unskilled workers had a more favorable metabolic CVD risk factor profile than did the other groups, but they reported more cigarette smoking and alcohol consumption (p < 0.01). In women, unskilled workers also had the highest percentage of alcohol drinkers (p < 0.01). No relation was found between cigarette smoking and occupational status in women, although this may have been due to the small percentage of women who reported smoking (3 percent).
Adjustment for multiple covariates
Potential mediators of the relation between occupational status and CVD risk were examined by adding multiple covariates to the models. As physical activity was found to be very strongly related to occupational status, models were computed with and without total physical activity. The overall F test and p value are given for the difference in adjusted means across levels of occupation for each sex-specific model (tables 3 and 4).
In men, differences in adjusted means across levels of occupational status were statistically significant (p < 0.05) for 2-hour postload insulin, 2-hour postload glucose, triglycerides, HDL cholesterol, LDL cholesterol, and BMI (table 3). As shown in table 3, when physical activity was included as a covariate, the magnitude of these differences was attenuated for all variables except BMI. However, with the exception of 2-hour postload glucose and WHR, statistical signifi- cance was retained, suggesting that other unmeasured factors may be mediating the relation between occu-. pational status and CVD risk factors.
In women, differences in adjusted means across levels of occupational status were statistically significant (p < 0.05) for 2-hour postload insulin, 2-hour postload glucose, triglycerides, HDL cholesterol, and BMI (table 4). After total physical activity was added to the models, these differences were no longer statistically significant, with the exception of 2-hour postload glucose.
DISCUSSION
In this study of middle-aged citizens in the rapidly developing country of Mauritius, a gradient in metabolic CVD risk factors across occupational categories was found in men. A consistent trend was observed whereby professional/skilled workers appeared to have the worst metabolic risk profile and the unskilled workers appeared to have the most favorable profile. Although a relation between occupational status and CVD risk factors was also found in women, the trend was less clear.
In an attempt to discern which behavioral characteristics may be contributing to the association between CVD risk and occupational status, we have examined lifestyle behaviors known to be related to CVD risk factors. Physical activity has previously been shown to be an independent risk factor for CVD and associated risk factors in many populations (31) Mauritius (22, 32) . Physical activity was found to be very strongly related to occupational status in men and women, with unskilled workers reporting markedly more physical activity than did the other groups. Although total physical activity in this study is a composite of both leisure and occupational activities, occupational work in the unskilled workers explains most of the difference in overall activity among the groups. Thus, it appears that some of the difference in CVD risk factors across occupational groups in this sample is explained by differences in physical activity. This hypothesis appeared to be supported by some attenuation of differences in CVD risk factors across occupational groups after controlling for physical activity.
Although the unskilled workers reported more physical activity, they also reported more cigarette smoking (men) and alcohol consumption (men and women) than did the other occupational groups. Thus, any beneficial effect of physical activity in the unskilled men may be counteracted by cigarette smoking or high levels of alcohol consumption. This phenomenon is less likely to be the case in women because of the lower prevalence of alcohol consumption and cigarette smoking. A consistent gradient of morbidity and mortality across social classes has been observed for decades (33, 34) . Until the early 20th century, differences in health status across social classes were primarily due to a higher prevalence of infectious disease and infant mortality in the lower social class. In developed countries today, much of the difference in morbidity and mortality across social class strata results from different rates of noncommunicable diseases (1) (2) (3) (34) (35) (36) . This phenomenon may be partially explained by differences in CVD risk factors, such as lipid levels, blood pressure, and cigarette smoking (1-3, 7, 8, 14-17, 36) . Rose and Marmot (2) have demonstrated a consistent gradient of CVD endpoints (prevalence of positive electrocardiograms, total coronary heart disease cases, and coronary heart disease mortality) across occupational categories. More recently, Lynch et al. (36) used income as a socioeconomic status marker in a population-based prospective study of Finnish men. Depending on the endpoint, most or all of the excess risk for all-cause mortality, cardiovascular mortality, and acute myocardial infarction in the lowest income quintile was explained by biologic, behavioral, and psychologic risk factors. The rise in CVD experienced by most developed countries in the middle part of this century was initially observed in the upper classes (37), probably because of exposure to a more affluent lifestyle (highfat diet, physical inactivity, etc.). In contrast to developed societies, some recent studies of CVD risk by social class in developing populations, including the present findings, have found a more favorable risk profile in the lower social class (10-13). These findings appear to be a reflection of the relative maintenance of the traditional lifestyle in the lower social class, whereas those in the upper social classes of developing countries are the first to experience the adverse ramifications of modernization.
The apparent role of occupational physical activity on CVD risk demonstrated in this study has been similarly demonstrated in many other populations (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) . More than 40 years ago, Morris et al. (38, 39) documented less-manifest coronary heart disease in postmen and bus conductors compared with British civil servants and bus drivers. Controlling for social class by stratification, a clear inverse relation was found between the intensity of occupational work and coronary heart disease mortality within each stratum (39) . Similar findings have been documented in other occupational groups, such as railroad workers (47) and longshoremen (40) . Paffenbarger et al. (40) utilized published energy cost requirements to estimate the energy expenditure and oxygen costs of longshoremen. Compared with their more sedentary coworkers, cargo handlers were found to expend an excess of approximately 1,000 calories per day and experienced a reduction in the death rate from coronary heart disease of approximately 25 percent. This difference in coronary heart disease mortality remained apparent at low and high levels of cigarette smoking, blood pressure, and relative weight (40) . * BMI, body mass index; WHR, waist-to-hip ratio; SE, standard error; HDL cholesterol, high density lipoprotein cholesterol; LDL cholesterol, low density lipoprotein cholesterol.
t Not included as a covariate when used as the dependent variable. $ Square root of total (leisure + occupational) physical activity (metabolic equivalent-hours/week). § Geometric means are shown for these variables.
In our study, occupational physical activity appeared to be the most important mediator of CVD risk factors across occupational groups. Olsen and Kristensen (44) conducted a review of the literature to quantify the relative impact of specific working conditions on CVD risk. With standard a priori criteria to evaluate the potential causal relation of various work conditions to CVD risk, physical inactivity at work was determined t Not included as a covariate when used as the dependent variable.
x Square root of total (leisure + occupational) physical activity (metabolic equivalent-hours/week). § Geometric means are shown for these variables.
to be the most likely nonchemical factor to have such a causal association. In applying their relative risks to estimate etiologic fractions in a Danish population, these investigators found that sedentary work was the single most pernicious occupational factor for CVD risk.
The gradient in CVD risk factors across occupational groups for men in our study was not observed as consistently in women. One possible explanation for this inconsistency could be a limitation in the assessment of physical activity in women, particularly for household and family activities. This problem was an Am J Epidemiol Vol. 148, No. 2, 1998 important concern in our study because a large portion of women (52.2 percent) were classified as homemakers. Although the assessment of physical activity in this study was carefully conducted with a detailed and validated questionnaire (24) (25) (26) (27) common to most physical activity assessment tools in epidemiologic studies, this questionnaire may not have the capacity to assess accurately the various tasks of homemakers that may constitute a significant portion of daily caloric expenditure. Because of this limitation of physical activity assessment in populations, it is currently not clear whether low-intensity, intermittent activities can be expected to have favorable effects on CVD risk factors. Nevertheless, the attenuating effects of physical activity on the relations of occupational status and CVD risk factors in both men and women in this study suggest that the physical activity assessment tool used in Mauritius is appropriate for the middle-aged, working population.
With the advancement of technology in developed countries, occupational physical activity has generally decreased, and jobs may have more psychologic rather than physiologic stress. Suurnakki et al. (48) conducted a survey of 6,213 Finnish municipal employees and found a higher prevalence of self-reported chronic hypertension and coronary heart disease among men and women with jobs conducive to psychosocial stress. Marmot and Theorell (49) have proposed that the association between social class and cardiovascular disease risk may be mitigated by differences in psychosocial work conditions. Concern is warranted for developed and developing countries where adverse behaviors, such as cigarette smoking and excessive alcohol consumption, may be reinforced by stressful working conditions. Such negative behaviors in unskilled workers may compete against positive behaviors, thereby leaving in question the relative risk for CVD and all-cause morbidity and mortality.
Other factors not considered in this study may be partially responsible for the relation between occupational status and CVD risk factors. For example, differences in dietary patterns across occupational groups may further explain the associations discussed herein. Indeed, the lower mean BMI of the unskilled men compared with the other occupational groups persisted after controlling for physical activity and other potentially mediating factors.
This investigation of cardiovascular disease risk and potentially mediating behavioral differences across occupational categories could be applied to intervention planning in Mauritius. From this perspective, the results of this investigation indicate that promotion of leisure-time physical activity may be most worthwhile in the professional/skilled workers, partly skilled workers, and homemakers, for whom levels of leisuretime and occupational physical activity appear to be low. In contrast, although cigarette smoking and alcohol consumption appear to be most prevalent in the unskilled workers, these behaviors (with the exception of smoking in women) are common in all of the occupational groups, and therefore, smoking cessation and alcohol awareness programs should be implemented throughout the population.
